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The Establishment of Bracken Following
Fire in Tropical Habitats

STEPHENR. GLIESSMAN*
The spread of Bracken, Pteridium aquilinum (L.) Kuhn, as a vigorous and

dominant weed is well recognized in many vegetation types throughout the world
(see Braid, 1959, for a review). It has been demonstrated that this dominance is a
consequence of the fern's rapid extension of underground stems and abundant
vegetative reproduction (Watt, 1943, 1947), its strong allelopathic potential

(Gliessman & Muller, 1972), and its resistance to fire (Vogl, 1964). Very little

attention has been directed to spore germination, gametophyte formation, and
sporeling establishment in relation to the dominance of Bracken.

Bracken is capable of producing large numbers of spores on each frond, and the

time of spore release can extend through much of the growing season (Conway,
1957). In temperate regions, however, most spore dispersal takes place during the
drier part of the year or just before the winter begins, times of the year that do not
particularly favor sporeling establishment. This would explain, at least in part,

reports of the small number of Bracken sporelings which become established
under natural field conditions (Conway, 1953). In the tropics, where conditions of
temperature and humidity are much more equable, such climatic control of spore
germination and early growth presumably is less important. I have observed con-
tinual growth of new Bracken fronds throughout the year in several locations in

Costa Rica (Gliessman, 1976). It is possible, then, that spore release is not re-

stricted to a certain period, as it is in temperate regions (Conway, 1957), but may
be much more haphazard over the entire year. Thus, a constant source of spores
could be available for any potentially habitable area.

Observations were made in the field in Costa Rica to determine the conditions
under which Bracken sporelings become established, which has possible implica-

tions for Bracken control. In Costa Rica, Bracken is encountered frequently from
just above sea level on well-drained soils up to more than 3000 melevation. As in

other areas of the tropics (Richards, 1966, pp. 391-399), Bracken most often forms
a type of deflected succession in regions formerly covered with dense, tropical

forest. These are areas that have an annual rainfall in excess of 2500 mm, the

majority of which is concentrated in the wet season that extends from mid-May to

late December. Due to frequent cloud cover (especially at higher elevations) and
the occurrence of sporadic rainfall even in the dry season, humidity at the soil

level is quite favorable for sporeling establishment all year around.
The pattern of land use in this part of the tropics appears to lend itself quite well

to the establishment of Bracken. Most forest clearing, using the well known
system of "slash and burn," takes place towards the end of the wet season

(December) until late in the dry season (late April). The felled material is allowed

to dry as much as possible. Before the more frequent rainfall begins in early May,
the slas h is burned. As a consequence, when the wet season rains begin in earnest,
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the conditions that are encountered following the fire very closely approximate

the ideal conditions described by Conway (1949) for sporeling establishment and

young sporophyte growth. She demonstrated that spore germination took place

very soon after release from the fronds, and that it was best on soils with an

alkaline reaction (pH 7.0-7.7), especially on sterilized soils.
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. Biweekly totals of rainfalls at Finca Loma Linda in 1973. 1 = initi tion of forest clea

VvUi^ read burning of slash: 3 = widespread occurrence ofgametop ivtes: 4 = establishment

On the western boundary of Finca Loma Linda (1300 m elevation) approxi-

mately 2 km south of Canas Gordas, Coto Brus, in southern Costa Rica, a section
of montane moist tropical forest was cut beginning in the early dry season (Fig- /)•

In late April, the slash was burned. Immediately following the first heavy rains

two weeks later, I performed soil pH analyses of the upper 5 cm of soil, including
the ash layer. Readings ranged from pH 7.0 to 8.0, there being a positive correla-
tion between higher pH and greater ash depth. The ashes were compacted into a

dense layer on the soil surface by the rains and ranged from 3 to 1 1 mmdeep. Low
areas and depressions where rainwater had accumulated had the greatest ash
depth. In a part of the deforested area that escaped burning, I found pH readings
ranging from 5.2 to 5.8, the soil surface being covered with a mat of organic matter
composed of humus and intact plant detritus up to 3 cm thick. Thus, only on the
burned areas after the onset of the wet season did conditions combining a high pH
and a probable reduction in microbiotic diversity exist which were ideal for spore-
ling development.

Four weeks after the soil pH analyses were completed, on 7 June 1973, I made
direct counts of gametophytes easily visible with the naked eye in ten randomly
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placed, 10 cm2 plots. I found ( Table 1) that a considerable number of well-formed
Bracken gametophytes already had become established. Coverage of the soil

surface by the developing gametophytes was practically complete. Much closer
inspection would probably have revealed more recently germinated spores and
very young gametophytes. Nevertheless, the quantities observed are much higher
than any others that have been reported in the literature for observations made
under natural field conditions (Whyte, 1930; Conway, 1953). Careful inspection of
those cutover areas that escaped burning failed to reveal any Bracken
gametophyte establishment.

On 18 August 1973, I reexamined the same sites for the establishment of young
sporophytes. Of the gametophytes originally observed, approximately 20% had
formed sporophytes (Table 1). The number may actually be less than 20%, be-

cause individual gametophytes were not marked and new gametophytes could
have developed during the time following the initial observations. Still, the num-
bers of sporophytes in such small areas is impressive.

TABLE 1. NUMBERSOF BRACKENGAMETOPHYTESIN 10 cm2 SAMPLESTAKEN4

WEEKSAFTERSOIL pH ANALYSIS /

LATER.

On more favorable sites (e.g., near downed logs or burned-out stumps) several

plants had produced as many as six fronds, some up to 25 cm long, but the

majority had two or three fronds with an average length of 5-10 cm. If we consider

that at the time of these observations there remained at least 3.5 months of addi-

tional frequent rainfall and abundant soil humidity, the growth rates of which the

young bracken sporophytes are capable (Conway, 1949) would certainly allow the

plants to become well established before the more difficult conditions of the

following dry season arrived.

The menace posed by the vegetative spread of Bracken in many parts of the

world, including the tropics, is well known (Page, 1976). The capability of Brack-

en to occupy large tracts of land with former agricultural value has long been

observed in Costa Rica (Standley, 1937, p. 29). Once having become established,

the fern is very difficult to eradicate manually or mechanically, and only the

widespread application of new chemical femicides offers control (Martin, 1976).

Because of the delicate nature of gametophytes in general and the rather narrow

tolerance for environmental stress of the germinating spores, I believe it would be

easier to prevent the establishment of Bracken than to remove it following its
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During the early stages of development, especially initial establishment, indi-

vidual plants are most susceptible to adverse environmental factors. In the case of

Bracken, understanding that the optimum conditions for sporeling establishment

are very similar to those encountered following fire, management practices that

avoid these conditions would best prevent its introduction. In the tropics, where

conditions of temperature and humidity are very favorable for gametophyte estab-

lishment and growth all year around, control of soil characteristics such as pH and

microbial diversity might be a positive preventive. Fire should not be used in

regions especially susceptible to Bracken infestation or close to areas already

dominated by the fern after the original vegetation has been cleared. If high labor

cost or physical obstruction to planting caused by the downed slash makes the use

of fire necessary, it could be applied only if the slash were gathered in mounds,
burned, and then the concentrated ash carefully observed and clinically treated or

repeatedly disturbed if gametophytes or young sporophytes appear.
Bracken rapidly takes advantage of conditions created after fire in the tropics.

Young sporophytes become established in a very short time in areas where
Bracken did not exist before. The widespread use of fire in the tropics thus favors
an ever-increasing spread of Bracken. Observations on the establishment of
sporelings following fire may provide the necessary tools for preventing domi-
nance by this fern.
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